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PLANE GRID
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4.1 Introduction

The material presented in Chapters I and II of
this manual are a necessary prerequisite for a reasonable
understanding of the material presented in this chapter.

STRUDL treats a plane grid structure as a system
of members lying in a plane, rigidly connected at their
ends. The individual members must have one of their prin-
cipal axes in the plane of the grid. The centroidal axis
of each member will be the local X-axis. Each member is
assumed to have the shear center axis at the longitudinal
axis (local X-axis). Bending and torsion occur independently
of one another if the shear center is taken as the longitu-
dinal axis. For members symmetrical about both principal
axes the shear center is actually located at the centroid of
the member.

All forces applied to the grid must be normal to
the plane of the structure and all couples must have their
moment vectors in the plane of the grid. The significant
member displacements are the rotations about the two member
axes in the plane of the structure. Shear deformations may
also be considered in the analysis of members which have
appreciable depth relative to their lengths. A brief review
of shearing deformations is presented in Chapter I. Axial
deformations are not considered in the analysis, thus in-
plane membrane action is not considered.

STRUDL considers only uniform torsion. The effects
of restrained torsion or warping are not considered in the
analysis. For concrete bridge structures made up of rel-
atively thick members the effects of warping are negligible
and STRUDL will provide accurate results. For open, thin-
walled cross sections such as ordinary steel rolled beams,
the effect of restrained torsion or warping may be important,
in which case the STRUDL analysis would not be applicable.

A plane grid structure may be placed on any one of
the three global coordinate planes. However, the user can
simplify the formulation and visualization of plane grid
structures by placing them in the global XZ plane. In this
plane the positive local Y axis of the individual members is
in the same direction as the positive global Y axis for Beta
= 0. Thus the required member properties, for Beta = 0, will
be IX, the torsional rigidity, and I2Z, the moment of inertia.

The STRUDL grid analysis can be used to approximate
the behavior of bridge decks by using an equivalent grid
idealization, i.e., by replacing the bridge deck by a frame
work of slender beam elements. The longitudinal members
being a combination of the composite or non-composite girder
and a strip of deck slab interconnected by transverse members
to form a grid. The torsional rigidity of the system can be
approximated by inducing torsional rigidities into the individ-
ual members.
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Using the new finite element capability available
in STRUDL II, a bridge deck can be analyzed as an idealized
continuum using equivalent plate elements interconnected by
beam elements. The finite element capability will be dis-
cussed in Chapter VII.

4.2 Plane Grid Problem (with SAVE command)

To illustrate the analysis of a plane grid struc-
ture and some additional STRUDL commands, consider the grid
structure shown in Figure 4.2a. Subjected to the loading
conditions shown in Figure 4.2d.

The STRUDL SAVE and RESTORE capabilities are
illustrated in this problem.
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The location of the global axes and the joint
member numbering scheme is shown in Figure 4.2b.

The plane grid is located in the XZ plane.

Y Global

Fig. 4.2b

X Global



The basic structure geometry is described in lines
10 thru 410 of the coding below. Ncte that joints 1 to 3 are
located with negative X coordinates. Joint coordinates are
located relative to any right-hande¢ orthogonal axes system
and may have either a positive or negative value.
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Line 0420 illustrates the use of the individual
form of the MEMBER RELEASE statement. The MEMBER RELEASE
statement is used to define the start and end releases of
any member. (JOINT RELEASES on the other hand apply only
to support joints.)

In a PLANE GRID structure we must consider the
effect of our connections upon the end restraint of the mem-
bers. For the beam connection in Figure 4.2c the support
angles affect the end fixity of the beam. The possible com-
ponents for release from the full fixity are: Force Y,
Moment X and Moment 2.

i Local y

Local z_ Eljljlﬂbmgles

Fig. 4.2c
Members 1-8 End Connection (Problems 4.2 & 4.3)

If we consider the angles to be so small that they
would not offer any torsional restraint (Moment X) or bending
restraint (Moment Z) the appropriate releases would be Moment
X and Moment Z. Moment X (Torsion) should not be released at
both ends of a member because it would be free to spin on its
X-axis yielding an unstable memoer.

For this problem we will assume the angles to be
capable of transmitting shear and torsion. The release to be
specified will be Moment Z at both ends of members 3 to 8 as
coded on line 420.

The commands shown below on lines 430 to 470 de-
scribe the elastic properties and the member properties of
the structure.

........
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Fig. 4.2d

The two loading conditions shown in Figure 4.2d
are coded on lines 490 thru 513. The structure and the two
loading conditions are now completely described.

The commands appearing on lines 520 to 570 instruct
the computer to print the problem description as interpreted
by STRUDL, perform an analysis and »rintout the resulting
forces, reactions and displacements.
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The last command, SAVE 'PROB. 4., aiven on line
600 instructs the computer to save the problem on secondary
storage. The problem will be saved with the current status
of the problem for a period of time requested in the JOB
CONTROL LANGUAGE. The user should contact a STRUDL coor-
dinator prior to submitting a problem to be saved for assist-
ance in this area. In Problem 4.3 this problem is restored,
modified, reanalyzed and saved again.



STRUNL 'PROR 4.2°' °*PLANE GRID!

X EERRABERESEELRR B AR SR EEREERB AR SR PR ORGSR NE S

*
1CES STRUCL I VERSICN 1 %00 1 *
THE STRUCTURAL DESIGN LANGUACE *
MASSACHUSETTS TINSTITUTFE OF TECHNNLOGY *
STATE NF CALIFCRNIA. *

BRINDGE DEPARTMENT DIVISION NF HWYS. *
SPECTAL STUNIES SECTION PH, 445-6519 *
NOVEMBFR 1969 INSTALLED APRIL 1979 *
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L2 2R BE BE BR 2R BN R 2N J

T Y T P P PR P
TYPE PLANE GRYID X2
UNTITS FEET
JOINT CNORDINATES
1 -12. 7 18.
2 -12. 7 9.
3 -12.
4 7 18. SUPPORTY
51 9.
6 SUPPORT
7-12. 7 18,
8 12. 7 9.
o 12,
10 24, 2 14,
11 24, 7 9.
12 24. SUPPNRT
13 36. Z 18. SUPPNRT
14 30. Z 9. SUPPNRT
JOINTS 4 6 12 13 14 RELEASE MOMENTS X 2
MENMBER INCIDENCES
112
2213
4

w

$ 14N

$ 14N
$ 14N
$ 14N
$ 14N
$ 14N
$ 14N
$ 14N
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27
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27
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27
27
27

0010

0020
0030
0040
0050
0060
0070
coso
0090
o100
o110
c120
Cc130
0140
0150
0160
c170
0180
0190
0200
0210
0220
0230
0240

0250



6 8 9

7 10 11
8 11 12
9 13 14
10 12 14
11 1 4
12 4 7
13 7 10
14 10 13
15 2 5
16 5 8
17 8 11
18 11 14
19 3 6
20 4 9

21 9 12

MEMBERS 3 THRIJ B RFLEASF START MOMFNT 7 END MCMENT 2

UNTITS KIPS INCHES
CONSTANTS F ZQOOO.VALL
MEMBER PRNPERTIES PRISMATIC
1 THRUY 10 IX 10. 17 40.0
.11 THey 21 Ix 20. 17z 200.C
UNITS FFFET .
LOADING *'0ONF?

JOTINTS 1 3 LOAD FNRCE Y -S0,

MEMRERS 1  THRU 21 LNAD FNRCE Y UNIFNRM ~1.%

LOADING  *THO?

JOTNTS 7 TO 11 LNAD FORCE Y =50,

MEMRERS 1 TN 21 LNAD FORCE Y UNIF -1.5

LOANDTING LIST ALL
UNITS TNCHES

DRINT DNATA

14N
14N
14N
14N
14N
14N
14N
14N
14N
14N
14N
14N
14N
14N
l‘N
14N
14N
14N
14N
14N
1&N
14N
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14N
14N

14N
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14N
14N

14N

27
27
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27
27
27
27
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27
27
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0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
C440
0450
0460
0470
0480
C490
0500
¢s10
0511
0512
c513
€S20
€530

0540



CEENTE20ESCE S EACERE EEEE 0S8 00000008000
® PROALEM DATA FROM INTERNAL STORAGF o
SOIEEETULENLETEEAESST 00880900 C SR8

;N8 1D - PRNA 4.7 OB TITLE - SLANF GRID
ACTIVE 1NITS - LFNGTH WEIGHT ANGLE TEMPERATURE Ting

INCH K1e RAD DEGF SEC

eeensensne STRUCTURAL DATA sesnsssess
ACTIVE STOULTURE TYSE - PLANE  GRIN
ACTIVE CONRNINATE AXES X 2
JOINT CONANINATES —mom—momm -7 STATUS=-=/
JOINT x Y 7 CONDITICN
1 -144,000 0.0 216.000 ACTIVE
2 -144,000 0.0 108.000 ACTIVE
3 -144.000 0.0 0.9 ACTIVE
. 0.0 0.0 216,000  SUPPORT ACTIVE
s 0.0 0.0 108,000 ACTIVE
6 0.0 0.0 0.0 supeOR T ACTIVE
’ 144,000 0.0 216,000 ACTIVE
s 144,000 0.0 1¢A.000 ACTIVE
9 144,000 0.0 0.0 ACTIVE
10 288,000 0.0 216.000 ACTIVE
11 28%.000 0.0 1€8.000 ACTIVE
12 288.000 0.¢ 0.0 SUPPORT ACTIVE
13 432,000 0.0 216.C00  SUPPORT ACTIVE
14 360,000 0.0 108.000  SUPPORT ACTIVE
JOINT RFLEASES JELASTIC SUPPNRT RELFASES
JOINT  EDRCE MOMENT  THETA 1 TPETA 2 THETA 3 KFX KEY x xux Xny
. x 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
. x 2 7.0 0.0 0.0 0.0 0.0 0.0 0.0
12 x 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 x 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 x 1 0.0 0.0 0.0 0.0 0.¢ 0.0 0.0
MEMBER INCINENCES == —mmm=mn/ LEMGTH-====n /  RELEASFS STATUS--/
MEMAER  START ene LCCAL COORC. START END
FORCE NONENT  FCRCE MOMENT

1 1 2 108,000 ACTIVE
2 2 3 1€8.000 ACTIVE
3 . s 1€8.000 ? ? ACTIVE
. s 6 1C8.000 7 z ACTIVE
s 7 n 108,000 2 1 ACTIVE
6 (] 9 18,000 7 3 ACTIVE
7 10 1n 10%.000 z 1 ACTIVE
] 11 12 1€8.000 7 1 ACTIVE
9 1 14 129.800 ACTIVE
10 12 14 129.800 ACTIVE
11 1 4 144,000 ACTIVE
12 . 7 144,000 ACTIVE
13 7 10 144,000 ACTIVE
. 10 13 144,000 ACTIVE
13 2 s 144,000 ACTIVE
18 s A 144,000 : ACTIVE
17 ] 1 144,000 ACTIVE
18 11 14 72.000 ACTIVE
19 3 6 144.000 ACTIVE
20 6 9 144,000 ACTIVE
21 9 12 144.000 ACTIVE
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sesssesses LNADING NATA osessessense

LDANTNG - NNE STATUS - ACTIVE
MEMAER AND FLEMENT LNADS - !
MEMAER /FL FMENT

] UNTENRM  LOAD FCRCE Y FR  u -0.12% LA 0.C Le  1.€co

2 UNTENRM  LOAD FIRCE Y FR W -0.128 LA 0.0 L8 1,000

3 UNTFORN L CAD FARCE v Fe ¥ -0.12% LA 0.0 L8 1.000

IS UNTFORM  LOAD ENeCE Y FR W -0.12% LA 0.0 Le  1.000

] UNTEORM L 0OAD EQRCE Y FR W -0.12% LA 0.0 s 1.000

" UNTENRM  LOAD EORCE Y €% W -0.12% LA 0.9 L8 1.000

v UNTFORM  LNAD ENRCE Y FR ¥ -0.12% LA 0.0 Le  1.000

" UNTENRM  LDAD FCRCE v FR W -0.125 LA 0.0 L8 1,000

9 UNIENRM  LNan EORCE Y FR W -0.125 LA 0.0 te  1.000

10 UNTENRe | 0AD FORCE Y ERN W -0.12% LA 0.0 L8 1.000

1n UNTEORM L NAD ENRCE Y ER W -0.12% LA 0.C Le 1,000

12 UNTFNIRM  LOAD FO®CE Y FR W -0.125 LA 0.0 L8 1.000

13 UNTEQRM  LDAD ENRCE Y FR W -0.12% LA 0.0 Le 1.000

14 UNTENRM L NAD ENRCF Y FR w -0.12% LA 0.0 Le  1.000

15 UNTEORM  LOAD EORCE v F*» -0.12% tA C.0 L8 1.000

16 UNTFORM  LNAD ECRCF Y FR W -0.125 LA 0.0 Le  1.000

7 UNTEDRM L NAD FORCF ¥ Fa W -0.12% LA 0.0 L8 1.000

18 UNTEORM  LNAD ENRCE Y FR W -0.12% LA 0.C L*  1.000

19 UNIEORM  LCAD ErRCF Y FR W -0.12% LA (.0 Le  1.000

20 UNTENRM  LNAD FRRCE v FR W -0.125 LA 0.0 e 1,000

3 UNTENRM L DAD FNRCE Y fR W -0.12% LA 0.0 Ls 1,000

JNINT LOADS ’ --- ’

JOINT STE®  EMMCE X Y 7 MOAMENT X v ?

1 0.0 -8c.00C 0.0 0.0 0.0 0.0

3 0.0 -5n,90C €.0 0.0 0.0 0.0

JOINT NTSPL ACEMENTS ’ --- -—-- ’

JNINT STEP  nISn, X v ? ent, X Y 4

JNINT ENRCE ASSIMPT [NNS ——— --- ’
JNINT THETA | H 1 FORCE X v b4 MOMENT X v ?
NN ASSUMATINNG AIVEN ENR THIS LNANING

MEMRFR ENRCE ASEUMPTICNS - / B B 4

MEMBER COMPONENT  NISTANCE VALUF COMPNAENT  DISTANCE VALUE

NO ASSUMPTIONS GIVEN FOR THIS LOANING

LOADING - Twn STATUS - ACTYVE
MEMAER AND ELEMENT LNANS---= ————— -—- S 4
MEWRER/FLEMENT

1 UNTFOR™  LCAD ENRCE Y FR W -C.12% ta o0.C Le 1,000

2 UNIFNRM L 0AD FORCE Y FR  w -0.12% LA 0.0 Le  1.000

3 UNTENRY L OAD FOPCE Y F® W -C.12% LA N,0 L"  1.000

s UNIEORM  LOAD FORCE Y fo W -0.17% LA 0.0 L8 1.000

s UNTENAM L OAD EOPCE Y PR W -0.125 LA (.0 Le 1,000

6 UNIFORM  LOAD EPRCE Yy PR, -0.125 LA 0.0 L8 1.000

7 UNTEOPW L 0AD ENRCE v o W -0.125 14 C.0 ta  1.000

" UNIFORN  LOAD EntCE v FR W -n12% 1A C.C L9 1.000

9 UNIENRM  LOAD Faacr v fn -0.M5 LA [0 Le  1.nCo

1n UNTENRNM LOAD ENRCE v Fo - -0,128 LA 0.0 Le 1.C00

1n UNIENRM  LOAD ErRCE ¥ £o W -0,17% LA 0.0 Le 1,000

12 UNTEMRM  L0AD EQRCE vy re W -0.12% LA 6,0 Le  1.000

13 UNIEMRNY  LNAN FORCE v fR W -0.125 1A o, Le 1,000

14 UNTEORY  LOAN FORCE Y FR W -0.125 LA 0.9 L 1.00n

15 UNIENRY  LNAN FOPCE Y ER W -N.12% LA 0.0 LR 1,007

16 UNTENRN 1 NAD ENRCE v fo -0,12% A r,0 L® 1,000

1% UNTEORM  LNAD FORCE v F*  w -0.125 A 0.0 t® 1,00

19 UNIENRM L OAD FORCE v Fo W -0.12% LA 0.0 LR 1.000

19 UNTEORM  LNAD EORCF Y FR W -0.12% LA 0.0 L*  1.000

20 UNTEORY  LNAD EORCE Y FR W -0.12% LA C.0 Le 1,000

21 INTEORM  LOAD FORCF v Fn -0.17% L& 0.0 L* 1,000

JOINT LNADS —————— A ——— emaat

JOINT STEP  ENRCE X v 1 #OMENT X v 7

1 0.0 -%0.000 0.0 0.0 0.0 0.0

[] 0.0 -5¢.00¢ 0.0 0.0 0.0 n.0

q 9.0 -%¢c.00C 9.0 0.0 0.0 0.0

10 0.0 -%0.N00 0.0 0.0 c.0 0.0

11 0.n -%n,000 c.0 0.0 0.0 c.n

JOINT DISPLACEMENTS / e meemecccemeecccccccccccmccccaaaaa)

JOINY STE®  nISe, X v 7 eaT, X v ]

JOINT FNOCE ASSUMPT [ONS ———— . /
JOINT T™META | 2 3 FCRCE X v WOMENT X

NO ASSUWPTIONS GIVEN FOR THIS LOACING ! e Y !
WEMAER FORCE ASSUMPTINNS - / e emmmemmemcmecceccceccecmanaea/

MEWRER COMPANENT  DISTANCE VALUF COMPrNENT N

NN ASSUMPTIONS GIVEN FOR THIS LNADING N orsTance vaLUE

(X222 AT TR TSI T 1Y L ]

® FND OF DATA FROM INTERNAL STOPARE o
FESRE SIS EETEPUNENEIEL IR 9290000000000



MEWAER PROPERT [ES-==- ————— /

MEMRER/SEG TYPE SEG.L COMP  aAX/YD AY/20 AT/YC mxsic 1Y/€y 1/7¢2 sY £ 24
A PRISHATIC 0.0 c.0 0.0 10.000 0.0 40.000 0.0 0.0
0.0 c.0 Cc.0 0.0 0.0 0.0
? PRISHATIC 0.0 0.0 0.0 10.000 0.0 40,000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
3 PRISMATIC n.0 c.0 0.0 10.000 0.0 40,000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
4 PRISHMATIC 0.C 0.0 0.0 10.000 0.0 40,000 0.0 0.C
0.0 0.0 0.0 0.0 0.0 0.0
L] PRISMATIC 0.0 0.0 0.0 10.000 0.0 40,000 0.0 0.0
N 0.0 0.0 0.0 0.0 0.0 0.0
6 PRISWMATIC 0.0 0.0 0.0 10,000 0.0 40,000 0.C 0.0
0.0 0.0 2.0 0.0 0.0 0.0
7 PRISMATIC 0.0 c.0 0.0 10.000 0.0 40,009 0.C 0.0
0.0 0.0 nN.0 0.0 0.0 0.0
L] PRISMATIC 0.0 0.0 C.0 10,000 0.0 40,000 0.C 0.0
0.0 C.0 0.0 0.0 0.0 0.0
9 PRISMATIC 0.0 c.0 0.0 10.000 0.0 40,000 0.0 0.C
0.0 c.0 0.0 0.0 0.0 0.0
10 PRISMATIC 0.0 c.0 C.0 10,000 0.0 40,000 0.C 0.0
0.0 0.0 0.0 0.0 0.0 0.0
11 PRISMATIC 0.0 c.0 0.0 20.000 0.0 200,000 0.0 0.C
0.0 c.0 0.0 0.0 0.0 0.0
12 PRISHMATIC 0.0 0.0 0.0 20.000 0.0 200,000 0.0 0.0
: 0.0 0.0 0.0 Q.0 0.0 0.0
13 PRISMATIC 0.0 0.0 c.0 20,000 0.0 200.000 0.0 n.0
0.0 c.0 0.0 0.0 0.0 0.0
14 PRISMATIC 0.0 0.0 0.0 20,000 0.0 200.000 0.C 0.0
0.0 0.0 0.0 0.0 0.0 0.0
15 PRISMATIC 0,0 0.0 0.0 20,000 0.0 200.000 0.0 0.0
0.0 C.0 0.0 0.0 0.0 0.0
16 PRISMATIC 0.0 0.0 c.0 20.000 0.0 200.000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
17 PRISMATIC 0.0 c.0 C.0 20.000 0.0 200,000 0.C 0.0
0.0 c.0 C.0 0.0 0.0 0.0
18 PRISMATIC 0.0 C.0 c.0 20.000 0.0 200,000 0.0 0.0
0.0 0.0 0.0 0.0 n.0 0.0
19 PRISMATIC 0.C 0.0 0.0 20.000 0.0 200.000 0.0 0.C
° 0.0 0.0 0.0 0.0 0.0 0.0
20 PRISMATIC 0.0 0.0 Cc.0 20.000 0.0 200.000 0.0 0.0
0.0 0.0 0.0 0.0 2.0 0.0
21 PRISMATIC 0.C 0.0 0.0 20.000 0.0 200,000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
MEMBER CNNSTANTS = ccccccccc e crcc e rc e e cr e e e ccc e ccc c— e —— - - ———— /
CNONSTANT STANNARN VALUF DOMATIN, VALUF PEMRER (L TST
3 28999, 996094 aLL
G 0.0 ALL
DENSITY 0,001000 ALL
CYe 1.000000 ALL
RETA 0.0 ALL
PCISSON 0.0 ALL
STIFFNFSS ANALYSIS $ 14N 27 08580
UNITS FEFT KIPS $ 14N 27 0560
LIST FORCES REACTIONS NISPLACEMENTS $ 14N 27 cs70



EEELER LR BEFEIE IR PR N ERRERR

*OESULYS OF LATEST ANALYSES®
FEIEILSERREECEERERRNEISEES

PRNAALEM ~ PRNE 4,2 TITLE - PLANE fRID

ACTIVE UNITS FEET KI®P RAC CECF SFC

ACTIVE STRUCTURE TYPE OLANE GRIN

ACTIVE CNORNDINATE AXSS X ?

LCANING - NNE

MFMRFR  FNRCES

NMEMRFR  JOINT ’ FORCE -- 122 NONENT
AXTAL SHEA® ¥y SHEAR TORSTONAL BENOING ¥ BENDING 2
1 1 37.3135681 -37.177505% 3.4%01C2%
1 > -23,8135834 37.17750%% 271.9917€69
» 2 -23.8825¢684 33.7784119 ~266.64104%7
2 k) 37.2825¢3) -33,7704119 -9.0811C17
£l 4 6.7499990 -18,4%59%5032 0.0
3 5 6.7499614 18.4%95032 0.0
. s 6.7499990 14.9587469 0.0
3 6 6.7499914 -14.9507469 0.0
5 7 6.7499990 12.46%3463 0.0
5 A 6.7499914 -12.4653463 0.0
s 9 6.7499990 -1%.4153292 0.0
IS 9 6.7499914 15.41532%2 0.0
7 10 6.7499990 27.363%406 0.0
7 11 6.7499914 -27.363%406 6.0
[} 1 6.7459990 -20.3276¢23 0.0
Q 12 6.7499914 28.3276825 0.0
9 13 5.0617047 27.428%12¢ 14.1031113
) 14 11.1671081 -27.428512¢ -47.1019120
10 12 €.59278813 -27.7055969 +3404630
10 14 11.2321925 21.7055969 -4.3962469
" 1 -87.3135%29 -3.4801025 -37,17750%%
11 s 105,313592¢ 1.480102% -1118.50%2C3%1
12 4 56.2666168 -3.480102% 1100.1257224
12 7 ~48.2666473 3.480102% -412.92%7012
13 7 41.5166473 -3.480102% 42%5.3911113
13 10 -23.9166626 3.480102% -35.1914578
14 10 16.7666626 -3,480102% 62,.5350%37
14 13 1.2333269 3.480102% 30.644€579
15 2 47.6961517 -4.950C%23 70.9%%9126
15 5 -29.€961%17 4.9500%23 193.3977CS51
16 s 16.1961¢70 -4.9%00%23 -339,.9794922
16 [ 1.8038225 4.,9500523 446.3334961
17 [ -1%.303%149 -4.9300523 -474.2141113
17 11 33,.3038C2% 4.9500%23 182.5684509
" 11 -46.0038C25 -4.9500523 -2%8.2%5¢€70C9
18 14 55.8037€72 4.9500%23 -69.562908)
19 k) -87.3875%31 9.,0%11017 -33.7784119
19 5 105.3825231 -9.0511017 -1122.%120117
20 6 70.9969940 9.0511017 1107.8532718
»0 9 -52.997024% -9,0%11017 -363,.8891602
21 L) 46.2470245 9,0511017 179,3044434
21 12 -28.2470%98 -9,0511017 67.6567443
SESULTANT JOINT LNADS - SUPPORTS
JCINT r--- FORCE ?” «OMENT ’
X FORCF Y FNRCE 7 FCRCF X POWENT v womENT 7 WOWENT
4 178.3301697 -C. 0000000 -€.00¢0C00
6 183.1295471 -0. 0000000 0.0
12 -16.%042415 -0.0000013 0.0000016
13 6.2951126 0.0000013 -6.000001%
14 78.1991119 0.0000000 0.00CC000
RESULTANT JOINT DISPLACEMENTS - SUPPNRTS
JOINT fmmmmmm e NISOLACEMENT 1" ROTAT ION ’
x pise, Y DISP. 1 D1Se, X ROY. Y *OT, 1 v,
4 0.0 -0.100041%5 TTTTT T T 0.224%688 T
6 0.0 0.11491%3 0.1094%64
12 0.0 -0.01991%0 -0.0694813
13 . 0.0 -0,0302792 -0.0381CCY
14 0.0 0.15616%4 0.26C2429
SFSULTANT JNINT DISOLACEMENTS - FREE JOINTS
ININT R DT SPLACEMENT ’ ROTAT 10N : ’
. X DISP, Y nISe. 1 CISP. X RmOT. v ROY, ? anr,
1 -3.97352%6 -0.1339622 0.3802981
2 -4.6848040 0.0271227 -0.0350¢€44
3 -3.%112%3 0.1823304 0.3422222
) -4.9235497 €.063992¢C 0.0182211
7 1.1699C38 -0.08212¢7 0.004°2¢6
8 -1.9764%19 0.1008€14 0.14308Ce7
9 0.7205704 0.0475001 ~0,C204197
10 0.7206263 -0.0%6 2000 -C.0807C9%
1n -1.%446768 0.1377308 '0.247CC4
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LOADTNG - TWN
MEMBER FNRCFS

MEMR ER JOINT /oo mmmmm e

AXT AL

1 1

1 ?

2 2

2 3

3 L3

3 S

L s

4 6

5 7

S 8

6 8

6 9

7 10

7 11

L] 11

L] 12

9 13

9 14

10 12

10 14

11 1

1 L3

12 4

12 7

13 7

13 10

14 10

14 13

15 2

15 5

16 5

16 8 .

17 L}

17 11

1R 1

18 14

19 3

19 6

20 [}

20 9

21 9

21 12

RESUL TANT JSNINT LOANS - SHYOPCRTS

JOINTY
X FNRCF

12
13
14

PESULTANT JOINT NISPLACFMENTS

JOINT Y

12
13
14

RESULTANT JOINT NISOLACEMFENTS

JNINT fommmmm e

DB ARAWDN

-2

------ FNRCE —mmmmmccememem 12 MOMENT -
SHEAR ¥ SHEAR 7 TORS TONAL BENNING
52.62358CS -27.3225195
-139,1235962 27.2225195
-36.€584015 27.3852€44 .
50.1583862 -37.3852€44
6.7499690 -9.%423000
6.7499914 9.2423000
6.7499590 19,9575653
6.7499514 -16.9515653
6.745965C 18,.6535645
6.7499614 -18,6535645
6.749969¢C -11.048710%
6.7499614 11.04€7108
6.7499990 27.33C7343
6.7499914 -27.3307341
6.7459990 -31.53€€423
6.7499514 21.539¢€423
2.6890841 21.072215¢
13,%35R096 -21.07221%¢
5.1542730 -33,7394714
11.0706¢<78 21.7394714
-52.6235809 -14,087710C4
70.6235504 14.08771C4
104.9951172 -14,08771C4
-86.9951172 14.08771C4
30.2451787 -14.0877104
-12.2451R59 14.18771C4
-64.5047913 -14.0877104
62.5047913 14.78771C4
75.7819824 -12.936945¢C
~57.7819977 12.976945C
44.2820129 -12.926945¢C
-26.2820129 12.9369450
-17.2179545 -12.9369450
§5,2179565 12.9369450
-118.71792¢C -12.936945C
127.7179%6C 12.9269450
-50.1582£67 4.8379517
69.1583557 -4.,R379517
77.1633€06 4.8379517
-59.1633911 -4,8379517
2.4134026 4.8379517
15, €8E5E7G -4.8279517
--------- FNRCE =wcececccccwn= [ === MOAMENT
Y FNR(CFE 7 FCRCF X WOMENT Y MOMENT
182.3687286 0.0
152.C717216 0.000000C
27.490860C -0.0000013
65.1939792 0.0000023
152.22644781 -0.0000000
- SuyPPARTS :
------ NISPLACEMENT mmmm e e e e e e/ fmm et e e e e e e = =RAT AT [ON
Y n1se. 7 nise, X ROT. Y ROT.
0.0 ~0.1965826
0.0 n.11280¢€3
0.0 0.0407275
0.0 0.11820%¢
0.0 C.2619473
- FREE JOINTS
------ NYSPLACEMENT- 17- - -=ROTAT NN
Y DISF. 1 CISP. X RCT. Y ROT,
0.0401550 - ~0.3015118
-2.0014715 ~0.0753056
-1.7432045 0.14884C7
-4.9524127 €.0210823
-1.2783112 -0,0916533
~5,4828462 0.11741C3
-n.0507286 0.0767719
~1.6547718 0.0132758#
~2.4355192 0.7137682
4-15

....... S
Y BENNTINC 7

14.00771C4
390.7744141
-285,.8374(23
-4.8379%17
0.0

0000000000
IEEEEREEEEERER
[N~ NoNoNogo Nt Yo o e )

0.0
-2.83821¢92
-55.7795217
~28.3C74€46
-2,890%25)
-27.222¢€165
-712.15C2¢<C6
102.9079%90
449.0324473
-430,3792¢€21%
685.222C21%
-€57.9914¢51
15.92285¢0
54.717€C40
T73€.66€C156
-707.466C€4S
1120.25C3418
-1160.5524902
€05.637C117
~£64,8072730
~T74.5001C68
-37.30€2€44
-€72.51¢€28C9
€52.557€¢€13
16£.402€337
-154.352€€1¢
75.7147%¢€3

T MOMENT

o.cccccoce
c.occccce
0.000CC15
-C.00CCC27
6.cococo0

-0.07CC216
0.045¢6€29
0.022C¢28
C.17483C9
0.419C¢€49

[ —— ]

? RAT,

0.02€66199
-C.2727%03
0.1289236
-0.1722904
-0.1024273
c.10%5181
-C.0175227
0.065C765
0.37442469



A

SAVE *PROB 4.2 $ 14N 27 0600
F INTSH 0000

GOON-RYE

Results

The interpretation of output results for several
members of the plane grid structure analyzed are illustrated
using the free body diagrams on the following pages. The
torsional couples and bending moments are drawn with double
headed arrows in the direction of the local coordinate axes,
the sense being determined by the sign of the reported force.
The actual moments and torgques act in planes normal to the
arrows, their direction being determined by the right hand
screw rule. Following is a statement of the rule:

Point the right hand thumkt in the direction of
the moment or torgue vectcr. Fingers now point
in the direction of the actual moment or torque.

To illustrate the aprlication of the right hand
rule, consider the free body diagram of member 11 shown in
Figure 4.2e below.



0
'\'6
Bt
w=1.5ft. 0%
- )
// \
\\ 4 X o
- 1 _
M oss e ‘ Vy = -52.623 Mx =14.088
15
;L's Vy = 70.623
z A
Y w=15%/ft.
M, = 14.088
‘?;/' l M, = 712.150
4 0 :
1 _
J Vy= -56.623 " Mx= 14.088
M, = 27.333 Jy = 70.623
/’;//// Fig. 4.2e
LOADING - TWQ
MEM3ER FONCES
MEMRER  JDINT ———— FORCE ——mm e e e e e e
SHZAR ¥ TORS IONAL RENNINGC 7
11 1 -52.6235809 -14.08771C4% -27.22251¢5
11 4 70.6235¢504 14.08771C4 -712.15C2¢<C6

4-17



The output results for the members end forces of
member 11 are shown above. The double headed torque (Mw)

and moment (MZ) vectors are shown in the upper free body

diagram, their direction being determined directly from the
output results. The right hanc¢ rule is applied to the vectors
to determine how the torques and moments act on the ends of
the member as shown in the lower free body diagram

Shown in Figure 4.2f below is a free body diagram
of joint 4, followed by the output results for the membgrs
meeting at joint 4 and the resulting joint forces at joint

4 for LOADING TWO.
X
> 7

—f— X Global

M
)
Y
§ l y E&::fl Out of paper
' Vy =6.750
I M, =0
: My = 9.242

M, = 712.150

Z Global

Fig. 4.2f



LOADTAG - TWN

MEM3ER  FNRCES

MEMRER  JnINT immmm== FORCE === mm oo e /
SHEAR Y TORS TONAL RENNTING 7

3 4 6.7499590 -9.2423000 0.c
3 5 6.7499514 9.2423000 0.0
11 1 -52.6235809 -14.C8771C4 T 227.2122¢1¢5
:; 4 70.62135504 14.08771C4 -712.15C2¢C6
12 A 104.9951172 -14.0E771C% 702.S075590

7 -86.5951172 14.08771C4 449.0324473

RESULTAMT JDOINT LOANDS - SYCPCRTS

JOINT  ———m———— FCRLE mme = m e e e e /
Y FORCE X MOMENT 7 MOMENT
4 182.3627285% 0.0 0.CCCCCCO

The vectors of the moments and torques acting on
the ends of the members are directed as indicated by the
output results in the local coordinate system for each of
the members. Equal and opposite torgues and moments acting
on joint 4 are also shown in the diagram. These forces are
in the global coordinate system. Resolution of the member
end forces applied to the joint should be equal and opposite
to the forces reported for the RESULTANT JOINT LOADS -
SUPPORTS for joint 4. These forces are resolved in the
calculations below, note that the results are equal and
opposite to the results reported at joint 4 and the joint
is in equilibrium.

M o= -14.0877 + 14.0877

0.0000 KIP FT.

M,

712.1504 - 9.2423 - 702.9079

0.0002 KIP FT.

<
I

-70.6236 - 6.7500 - 104.9951

182.3687 KIPS

.



To further illustrate this technicue consider a
more general case with non-orthogonal members meeting at a
joint such as at joint 13 shown in Figure 4.2g.
put results for the members meeting at the joint and the

joint follow.

- X Global

%
%
R
Z Global
Y Global} Out of paper
y Local

M = 14.087
4 .
1
Vy* 62.505
“Z- 15.934
Fig. 4.2g
LOADTNG - TWO
MEM3ER  FORCFS
MEMRER  JOIMT  mm—mmem FORCE
SHZAR Y TORSTONAL
9 13 A 2.689C¢E41 21.072215¢
9 14 13.5350896 -21.0722158
14 10 ~44.5047313 -14.0877104
14 13 62.5047G13 14.028771C4

4-20

The out-

- ———— ———————— —-————— - ——— " - ——_— ———

BENNING 2

-2.8321£6°2
-55,7766217

 -£57.€914551

15.9278€40



PESULTANMT JOINT LOADS = SHUCPCRTS

IGINT mmmmmee- FLAEE mmmmmmm o mmmmmm e mmmem /
Y FORCE X YOMENT 7 MOMENT
3 65.1913792 0.0700023 -c.recen2?

The vectors of the moments and the torque acting
on the members are directed as indicated by the output results.
Equal and opposite forces act on the joint as shown on the
free body diagram. These forces now acting in the global
coordinate system must be resolved into the direction of the
global coordinate axes. The forces are resolved in the
following calculations and agree with those reported in the
output results for the RESULTANT JOINT LOADS - SUPPORTS.

3 2
IM = -14.0877 + —= (2.8832) + —2— (21.0722)
X /13 /13
= -14.0877 + 2.3990 + 11.6888 = +.0001 KIP FT.
TM = -15.9338 - —2 (2.8832) + —— (21.0722)
z 13 VT3

-15.9338 - 1.5993 + 17.5331 = .0000 KIP FT.

YV, = -62.5048 - 2.68¢0 = -65.1938 KIPS



4.3 Revised Plane Grid Problem (with RESTORE command)

The plane grid structure shown in Figure 4.2a will

EOY be revised by removing the support as shown in Figure 4.3a
elow:

Y Global

X Global

Fig. 4.3a

The revised structure will be reanalyzed for the
loading conditions shown in Figure 4.23. The command STRUDL
RESTORE 'PROB. 4.2' given on line 0010 restores the problem
with the same status that it had when it was saved in the
previous problem. The commands shown on lines 0020 thru 0060
are given to revise the structure. Following these are
commands requesting print out of the STRUDL interpretation
of the revised structure. The structure is then reanalyzed
and saved for a subseguent analysis. The STRUDL output for
the revised structure is on the following pages.
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STRUDL RESTORE *PROB 4&.2! $ 14N 28 Nno10

(33323222223 223223223223 222232 2222222222 222222y

| 3 *
* ICFS STRUDL TT VERSION 1 MOD 1 *
. THE STRICTURAL DESIGN LANGUAGE *
* MASSACHUSETTS INSTITUTE OF TECHNDLNGY *
* STATF OF CALIFORNIA *
* BRINGE DEPARTMFENT DIVISION OF HWYS. *
* SPECIAL STUDIES SECTION PH. 445-6519 *
* NOVEMRER 1969 [INSTALLED APRIL 1970 *
« 20:12:54 9/01/70 *
* *
* *

3323223323223 332223322 2223321222222 22222

DFLETIONS $ 16N 28 0020

JNINT 14 RELEASES MOMENT X 7 $ 14N 28 0030
CHANGES $ 14N 28 0040

JOINT 14 COORDINATES FREF $ 14N 28 0050
CHANGE ID *PROB 4.3' 'PROB 4.2 WITH JOINT 14 SUPPURT REMOVED $ 14N 28 0060
UNITS INCHFS $ 14N 28 0070
PRINT JOINT CNORDINATES $ 14N 28 0080

SERERRRE KRR E R AR R EEE RN EE R AR IR R AR RRRRR KR
*  PROBLF" DATA FRIM INTFRNAL STIRAGE  *
RERERRERARR KR AR CRRRR KRR AR R R ERRRR KK

JNR IN -~ PROR 4.3 JNR TITLF - 1 s -

ACTIVF UNITS - LENGTH WTIAHT ANGLF TEMPFRAT JRE TIMF

JOINT COORDINATES-INEH-—-—--o--- R L PAR - m e / DEGF SFC

JOINT 3 Y 7 CONDPITION

1 -144.000 0.0 214,070

2 -144,000 0.9 108,000

3 -144.009 0.0 0.0

4 0.0 n.n- 214,000 SUPPLRY

5 a.n 0.0 108,000

6 0.0 0.0 0.0 SHYPPNRT

7 144.000 0.0 216,000

L] 144,000 0.0 103,000

9 144,000 0.0 0.0

1n ?28R.000 no 214,000

1 788,000 0.0 108, 0NN

12 ?288.000 n.o 0.n syeenay

13 432,000 0.0 216,070 SYoPNRT

14 360,000 0.0 108,000

JNINT REL FASF S —mmmmmmm e e oo e e e JELASTIC SUPPORT RFLEAS (S === m o me e e e e e e e e
JOINT FAPCF  MOMENT THETA 1 THETA 2 THETA 3 KEX KFY KF7 KuX KMy KM?
& X 7 n.n. 0.0 0.0 2.0 2.0 0.0 0.0 f.0 0.0
6 X b4 0.0 0.0 0.0 n.g 2.7 0.0 0.0 0.0 0.0
12 X 1 0.0 0.0 9.0 0.0 7.9 0.0 0.0 0.0 0.0
13 X 7 n.0 0.0 0.0 9.0 2.0 0.0 0.0 0.0 n.n

AEEXREARAEEEIRREEEAREAREE A RS RN R RN RN
*  END OF DATA FRNM  INTFRNAL STORAGF *
EREREKEAXRRN S REEERE SN RRR KR KK EAARNERRREX



PRINT JOINT RELFASFES

SEEESEAER SRS ERERAN AR AR EEERSXARERRNNAKS
*  PRNALEM NATA FRIM [MTERNAL STNRAGFE
SEESERER R EFR LSRR K SRR ES AR RARRRRRN

JN8 1D - PPNR 4,3 JOR YITLF -~
ACTIVE UNITS - LFNGTH WFIGHT
JOINT RELEASFS—-—-§NFH--------— b LTt
JOINT FORCE  MOMFNT THOTA 1 THFTA 2
L] X 4 0.0 0.0

6 X ? 0.0 0.0
12 X 7 0.0 0.9
13 X ? o.n n.o

EEEEEERRRRER AR SR SRS ERBR KRR ARES KRS RRA S E %
*  FND NF DATA FROM  INTFRNAL STORAGF #
EEBERERERREE AR R SRR REERREEERRREERERR KRS

25

KFY
0.2
0.0
0.9
n.0

Time

ANGLF TEMPERATURF
————— RAB--/FLASTIC BABPNNYT PFLFASKEF
THETA 2 KF X
n.0 2.0
0.0 n.0
0.0 7.0
0.0 1.7

$ 14N 28

0090



STIFFNESS ANAI YSIS $ 14N 28 2100
UNITS FEFT KXIPS $ 14N 28 0110
LIST FORCES RFEACTIONS DISPLACEMENTS $ J4N 28 0120
LOADING - TWO
MEMBER FNRCFS
MEMBER JIINT fmmm e m FARCE =—-=-mmmmm e 17-=-- MIMENT cemom e oo oo /
AXTAL SHFAR ¥ SHF AR 7 TORS INNAL BENNING ¥ BENDING 7
1 1 53.76%8293 -134,365005% -4.5673055
1 2 ~-40.24688293 34.16500655 427.7314R08
? 2 -217.3057404 45.1313477 -416,380R59¢4
2 3 50.R057251 -65.1313477 19.R79348¢9
3 4 6.7499990 -16.3863678 0.0
3 5 6. 7499914 16.3R63578 0.0
4 5 6.749999n 27.913909 2.0
4 6 6.7699914 -27.9139n99 0.0
S 7 6.7499990 11.4731122 n.0
S 8 6£.7499914 -11.4831123 0.0
6 Q 6. 7499990 -3.4406166 0.0
6 9 6.7499914 3.4406166 n.o
7 10 6. 7499990 19.9652252 0.0
7 11 6.7499914 -19.9652252 0.0
8 11 €.7499990 =75.2487640 0.0
8 12 6.7499914 25.2487640 0.0
9 13 77.7060547 37.RTA2970 30,7340303
9 14 -£1.4811401 -37.R7€62970 122.03¥R227
1n 12 0. 6691742 -1,6918430 21.4307404
10 14 -64.4442291 3.6918430 T63,3R0R8024
11 1 -53.7688293 4.5673055 -34,3650055
11 4 T1.7687988 -4.562305% -713,.R6087298
12 4 105,.4R55720 4.5623055 702.4742652
12 7 -RT.4R56720 -4.5623055 455,3537598
13 7 30.7357178 4,562305% -443,8706055
13 10 -12.7357330 -4.5623055 704.5992188
14 10 -44.0142517 4.5623055 -6R4.7341309
14 13 62.0142517 -4.5623055 4R.5631RA6
15 2 T7.5745544 -11.35073566 70,4963484
15 5 -59.5745850 11.3507366 743, 39R4375
16 s 46.0745R50 -11.3507366 ~699,09R1 445
16 8 -2R.0745850 11.3507366 1143,2931641
17 a -35.425384% -11.3807364 -1158.91674R0
17 11 53,4253R45 11.3507366 625.R122559
18 11 -116.9253540 -11.2507364 -671.0261230
19 14 125.9253540 11.3507366 -57.52584R4
19 3 -50,8057251 -19.R79348R -45.1313477
19 6 458.8056793 19,R793488 -672.5373535
29 6 T4,0623627 -19.8793488 644 ,6235352
20 9 -56.0623779 19.879348R 136.124R016
21 9 -0.6R76096 -19.8793488 -137,.6842194
21 12 1P.6R75916 10.879348R 16.432R91R
RESHI TANT JNINT LNANDS - SUPPORTS
JNINT e FORCE B et ~ MAMENT —mcmecmmmeemeeeeo
X FNRCE Y FNRCF 1 FORCF ¥ MOMENT Y MOMENT 7 MOMENT
4 184,.0045471 0.0000000 n. 0000000
6 149.6180420 2.0000000 0.0000000
12 106.1067963 0.5000310 -0,0000263
13 119,7203522 -0.2300297 0.0N00348
RESULTANT JNINT DISPLACFMENTS - SUPPORTS
JNINT R it T NI SPLACE MFNT I mmm e e e QITATION - mcm e e e /
X DISP Y DISP. 7 DISP. X ROT, Y ROT. 7 ROT.
4 0.0 ~0.36R53]12 -0.0746460
[ n.n 2.3213336 0.0541444
12 0.0 3.6174676 0.0113245
13 0.0 -0.4704752 0.1849632
RFSULTANT JNINT DISPLACFMENTS - FRFF JOINTS
JNINT e D DISPLACEMENT- 124 RITATIIN - m e mm e oo /
X nise. Y DISP. 7 nise. X ROT., Y ROT. 1 RNT,
1 0.0917217 -0 .3345499 0.0219575
? ~72.1362104 -0.0817494 -0.3619R27
3 -1.3921423 D.1732666 ©0.1422435
5 -6.099599% 2.0027940 ~0.2577214
7 ~1.429%014 -0.4025126 ~0.1060957
8 -T7.6452856 0.0872374 0.0221984
9 -0.0051920 0.4694006 ~0.0162416
10 -1. 721499 =).4364939 0.0703644
11 -5.5927219 0.1T18R09 0.29364242
14 -3.6388159 J.2141526 0.3397898
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PROALFM - PRNB 4,1 TITLF -
ACTIVF UNITS FEFT KIP RAN DFGF SFC
ACTIVE STRUCTURT TYDF P ANE GRIN
ACTIVF CIN2NINATE AXFS X b4
LNANING - ONF
MFMAFO  FNRCES
MFMAER JOINT e ettt e P FORCE --—-
AXTAL SHFAQ ¥
1 1 317.90150645
1 4 -24.4015065
2 ? -24.214839%
2 1 37. T148R¢E5S
3 4 6.74979990
3 s A~.T749991 4
4 5 f.T749999nNn
& A £.76499914
5 7 6.76493990
5 a 6.749991 4
L] 9 6.7499990
[ a F.T7439914
7 10 6.7499790
4 11 6.749991 4
f 11 6.7499990
8 12 6.74999]14
9 13 41,5734251
9 14 -27.34R4497
10 12 43,7A00403
10 14 -27.5350h47
n ! -£7.9014891
11 4 105.9014893
12 4 66.5184326
12 7 -4R,5] 94784
13 7 41.76%4784
13 10 -23.7684937
14 10 17.01R4237
14 17 €. 9814750
15 2 4R, 6164093
15 s -1310,6164993
15 s 17.1164246
16 A 0.8835641
17 8 -14.38335573
17 1 37.3815449
1R 11 -45,8835640
18 14 %4, 8835297
19 3 -P7.7148590
19 6 . 105, 7148590
20 [ £9,41049R135
20 9 -51.40506446
21 9 44,6550598
21 12 -?26.6550598
RESULTANT JGINT LDANS - SypeneYs
JOINT Jmmm e FORCF
X FENRCF Y FORCF
4 . 179.1699829
6 1R1.R86991 AR
12 73,8549652
13 44,5549316

ERAEEE R i R EE RS RS RRTE R
*¥QESYLTS 0F LATHST ANALYST S*
EEEARERRE SRR RENERREERERRRER

RESUL TANT JOTNT NDISPI ATFMENTS

JNINT fomommmmm e

12
13

RESULTANY JNINT DISPLACTMENTS

JNINT e

- SUPPNRTS

------ NISOLACEMENT

Y N1SP.

- FRTF JNINTS

------ NISPLACEMENT

Y nise.

-3,9472625
-4,7539759
-3,5363770
-5.5124531

1.1436758
-5.,0R8A5879

0.7439676

0.6963499
-3.1654853
-1.868056R

SHFAR 7 TIRSTINAL
-4N,.TRATTRNY
43 .TRTT7RNA
37.7550354
-37.7550354
=22.1270752
22.1270752
19.N633044
-12.04330464
R,7842321
-R_,TR4L?23?]
-11.5095347
11.5095387
23.5R823059
-232.,5823059
-25.09R1140
25.0981140
36.0562521
-36.N552521
-12.279974R
17.2799768
6.0942955
-6.0942955
&,0942955
~6.0942955
6£.0942955
-6.094295%5
5.N947955
-h.0942955
-4.1357355
4.1357365
-4.1357365
4.1357365
-4.,1357365
4.1157365
-4,135736%
4,1357365
-3.6380730
3.6380730
-3.A380730
2.6380730
-3.63P0739
3.6380730

7 FORCE

X MOMENT

=3%.0700000
3.0000000
0.0709152
-0.NINN1S52

-2.1963151
7.2219673
N.2TA1621

-1.3324912

-3.1509231
2.0238146
7.1948700
7.0546187

-0.241707
J.0R54228
J 2490447

-3.28709732
V1162726
J.1216290
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MOMFNT -
BENNIVS

MIMENT
Y MOVENT

===2)TATION

Y ROT,

--=2]TATIIN

Y R]T.

A\ RENDING 7

-6.0942958
286.4577637
-2R2.3220215
3.63A0730

IR

DD2D22090 209027202

.

D220900DI2D239202

n.o0

21.3612518
3652.2072754
-3.R142509
389,4N13672
-40,7877R08
-1122.0300793
1099,9030742
-409.6811523
412,4655762
-?25.2437286
4R,8260345
47.3958893
78.5428314
296,.8540039
-355,.6835937
453.080R) NS
-473.3745117
192. TT1 8658
-241.45221658
-A0,R49R7T0
-37,7550354
-1122,.8234863
1103, 7800293
-378.919A777
390, 47289551
37.4314270

7 MOMENT

-0.0000000
0.0000000
-0.0000178
N.N000L 77

0.7221994
0.1R77453
-0,0749828
-0.052R9R7

2.3779046
=N.NTTTI26
0.%60714
-0.0250134
N.0026RA?
0. 1008273
-0.0277620
-0.05804864
C.?2054229
0.2195451



4.4 EXAMPLE PLANE GRID PROBLEM

Using STRUDL determine the following for the grid structure shown
in the sketch above:

1.

The member forces at the 1/5 points for all three spans
due to the imposed dead load and overturning force. Use
2200 pounds per ft. for the dead load. The overturning
force is 200 pounds per foot and is applied at the right
edge of the soffit.

The live load moment envelope, local moment Z, for the
curved span. Use the 1/5 points also for the moment
envelope. The intensity of the live loading is 85 pounds
per square foot.
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3. The torsional constant IX, for the two celled box
section using the method of simultaneous equations
or the method of successive corrections as outlined
in Appendix C of the Bridge STRUDL manual. Compare
the torsional constant computed using one of these
two methods with the torsional constant computed
neglecting the interior web. The torsional constants
for standard closed sections are also given in this
appendix on page C-6.

Include the curb sections in calculating the
torsional stiffness.

Note the skew angle at Abutment 1. The support conditions at
the abutment are such that the structure is restrained from
rotating about the X' axis and free to rotate about the Z'
axis.

10-0"

- o
6\\ - [ e" I'O
HJ
36" 36" E = 3000 ksi

TYPICAL SECTION
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The ICES/STRUDL coding for this problem is as follows:

STRUDL °PROB 4.4* "EXAMPLE PLANE GRID PROUBLEM, POC®
$

TYPE PLANE GRID X2

UNITS FEET KIPS DEGREES

JOINT COORDINATES

1 c. c. 80. SUPPORT
2 20. 0. 80. SUPPORT
3 29.271 0. 78.532
4 37.63¢ 0. T4.27T1
5 44.271 0. 67.634
6  48.532 0. 59.271
7 50.000 0. 50.000 SUPPORT
8  50.000 0. Ue SUPPORT

MEMRER INCIDENCES

1 1 2
2 2 3
3 3 4
4 4 5

6 6 7

7 7 8
CONSTANTS E 432.E3 ALL
$POSSIBLE DEGREES OF FREEDOM INCLUDE TRANSLATION Y ROTATION X Z
JOINT RELEASE

2 T MOMENT X Z

1 MOMENT Z TH2 -30.

MEMLER 1 TO 7 PROPERTIES PRISMATIC 1X 38.15 1Z 19.79

147
147
147
147
141
147
147
147
147
147
147
147
147

141

147
141

141

147

147
147
147
147
141

141

147
147

147

60

60

60

63

60

60

60

6G

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

00l0

0020

00630

V040

0100

0110

0120

0130

0140

0150

0160

0170

Ol€0

02c0

0210

0220

0230

0240

0250

0260

0270

0260

0290

0300

0310

0320

0330



LOADING 1 °*DEAD LOAD* $ CROSS SECTIONAL ARtA=14.65
MEMBERS 1 iO 7 LOAD FORGE Y GLOBAL UNIFORM W -2.2
LOADING 2 °*OVERTURNING®
MEMBERS 1 TO 7 LOAD FORGE Y GLOBAL UNIFORM W 0.2
MEMBERS 1 TO 7 LOAD MOMENT X UNIFOURM W =67
LOADING 3 °*LIVE LOAD SPAN 1°
MEMBER 1 LOAD FORCE Y GLOBAL UNIFORM W -.68
LUGADING 4 °LIVE LOAD SPAN 2°¢
MEMBER 2 TO 6 LOAD FORCE Y GLOBAL UNIFORM W -.68
LOADING 5 *LIVE LOAD SPAN 3¢
MEMBER 7 LOAD FORCE Y GLOBAL UNIFORM W -.68
LOADING 6 *LIVE LOAD SPAN 1-2°¢
| MENBER 1 TO 6 LOAD FORCE Y GLOBAL UNIFORM W -.68
LOADING 7 °LIVE LOAD SPAN 2-3¢
MEMBER 2 TO 7 LOAD FORCE Y GLOBAL UNIFORM W —.08-
LOADING 8 °*LIVE LOAD SPAN ]1-3°9
MEMBER 1 7 LOAD FORCE Y GLOBAL UNIFORM W -.68
LOADING 9 °*LIVE LOAD ALL SPANS?®
MEMBER 1 TO 7 LOAD FORCE Y GLOBAL UNIFORM W -.68
PRINT DATA
DUMP TIME
STIFFNESS ANALYSIS
LIST FORCES REACTIONS DISPLACEMENTS
. LOAD LIST 3 TQ 9
LIS fORCE ENVELOPE MEMBERS 2 TO ¢ SECTION FRACT NS 2 0. 1.0
LOAD LIST 1 2 )
LIST SECTION FORCES MEMBERS 1 7 SECTION FRACT DS 0. .2

LIST SECTION FORCES MEMBERS 2 TO 6 S£CT10NLFRACT NS 2 0. 1.0
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147
147
147
14T
147
147
147
‘147
147
14T
147
147
147
147
147
147
147
147
147
147
147
14T
141
147
141
14T
147

147

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0600
0610
0620
0630
0640
0650
0660

0670

0675



	



